The current interest in high resolution radar for the identification of targets has stimulated interest in the investigation of scattered waveforms that result when a short pulse (i.e., an approxresulting pulse response, the response due to other incident waveimate electromagnetic impulse) illuminates the target. From the form shapes can be calculated by a convolution operation. In this paper a technique for measuring the electromagnetic pulse response tained by solution of the time domain integral equation.
is presented and the results are compared with exact results ob-
The functional block diagram of the measurement system is shown in Fig. 1 . The system signal source is a high voltage switch which generates a 300 V step function with a risetime less than 100 psec. The signal is radiated, virtually undistorted. from a wire transmitting antenna protruding through a circular ground plane (20 ft. diameter). This wave is then reflected by a target and the scattered waveform is received on a coaxial horn antenna, which essentially differentiates the signal and thus provides the pulse GHz oscilloscope and is subsequently processed by a laboratory response of the target. The received mveform is sampled by a 12 instrumentation computer. simplicity with which multi-octave frequency domain data can be
The salient characteristics of the range are the speed and obtained. These advantages accrue because the time domain scattering range yields an "uncontaminated" interval of time between the arrival of the direct wave and the arrival of unwanted reflections. This is most easily explained by considering the photographs in Fig.  2 , which show the range response as it appears at the sampling oscilloscope. The transmitted signal travels outward from the base of the wire antenna and is received at time to, which is marked by the pulse at the left end of the trace in Fig. 2 . The outgoing wave reaches the target, is reflected, and arrives at the receiver at a later time. The targets are usually located anywhere from 2 to 5 ft. from the transmitting antenna and the target returns lie photograph. The response at the right edge of the trace which ocin the region marked by the doublets at t l and t2 in the lower ground plane edge and the effects of the pulse radiated from the curs after t3 marks the arrival of the pulse reflected by the tip of the transmitting antenna.
the time domain scattering range has been demonstrated quantita-
The feasibility of accurately measuring the pulse response on tively. The measured incident pulse is shown in Fig. 3 along with the incident pulse used for the theoretical time domain calculati0ns.l The measured sphere response in the backscatter direction m e n t b e t t i e e n t h e s e r e s u l t s i s e x c e l l e n t . The i n i t i a l p u l s e i n t h e i s shown i n F i g . 1 a l o n g w i t h t h e t h e o r e t i c a l r e s u l t s .
The a g r e er e s p o n s e c o r r e s p o n d s t o t h e r e t u r n f r o m t h e n o s e o f t h e s p h e r e i t k e
The c h a r a c t e r o f t h i s n e g a t i v e w i n g i s i n f l u e n c e d o n l y by t h e s p e c u l a r r e t u r n i . S e x t , a n e g a t i v e s w i n g o c c u r s i n t h e r e s p o n s e .
shape of t h e t a r g e t i n t h e v i c i n i t y o f the s p e c u l a r p o i n t . The t i m i n g of t h e s e c o n d p o s i t i v e p u l s e i n t h e r e s p o n s e i n d i c a t e s i t i s due t o a c a v e " t r a v e l i n g " a r o u n d t h e r e a r o f t h e s p h e r e ( o f t e n c a l l e d t h e c r e e p i n g w a v e ) . T h e s e results i l l u s t r a t e t h e c l o s e rel a t i o n s h i p b e t w e e n the a p p r o x i m a t e i m p u l s e r e s p o n s e a n d t h e geometry of t h e s c a t t e r e r .
In F i g . 5 t h e measured end-on response of a f i n i t e c y l i n d e r w i t h a l e n g t h -t o -d i a m e t e r r a t i o of two i s compared w i t h t h e t h e or e t i c a l r e s u l t . A g a i n o n e c a n see good agreement between t h e t h e o r e t i c a l r e s u l t s and t h e m e a s u r e d r e s u l t s . The i n i t i a l r e s p o n s e i s c l e a r l y t h e r e t u r n f r o m t h e n o s e o f t h e c y l i n d e r a n d c l o s e l y a p p r o x i m a t e s t h e d e r i v a t i v e o f t h e i n c i d e n t p u l s e , a s would he exp e c t e d . T h e r e s p o n s e t h e n b e c o m e s s m a l l , i n d i c a t i n g t h e r e i s l i t t l e r e t u r n f r o m t h e s i d e s
o f t h e c y l i n d e r . The f o l l o w i n g n e g at i v e swing may b e i n t e r p r e t e d a s t h e d i r e c t r e t u r n f r o m t h e r e a r o f t h e c y l i n d e r . F i n a l l y .
t
h e s e c o n d p o s i t i v e p u l s e may b e a t t r i b u t e d t o a wave t r a v e l i n g a r o u n d
t h e r e a r of t h e c y l i n d e r . N o t e a g a i n t h e c l o s e r e l a t i o n s h i p b e t w e e n the approximate impulse response and t h e t a r g e t g e o m e t r y .
T h e e l e c t r o m a g n e t i c p u l s e r e s p o n s e s f o r a number of o t h e r t a r g e t g e o m e t r i e s a n d o r i e n t a t i o n s , i n c l u d i n g t h i n # i r e s a n d c y l i n d e r s a t v a r i o u s a s p e c t a n g l e s , a r e a l s o p r e s e n t e d a n d d i sc u s s e d .
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